Abstract. the aim of this study was estimation of total copper content and its fractional composition in arable soils in the Podlasie Province. It was found that total content of copper was typical for uncontaminated soils. In very light and light soils, more copper in available and potentially available fractions has been noted, by contrast in medium soils -in residual fraction which is unavailable for plants. 1 the copper is an essential element for proper growth and development of plants. It takes part in many physiological processes because it exists on a lot of oxidation states in vivo [10] . the soil is the main source of copper for plants. In Polish arable soils the average content of Cu [6] amounts to 6.5 mg kg -1 within the range from 1.3 to 48.2 mg kg -1 . According to the study from the year 1999, only 1% of investigated soils had elevated copper content (pollution of the first degree), mainly in the western part of the country (3%) [8] . the Polish podzolic sandy soils contain the least of copper, while the heavy loamy soils contain the most of it. the copper in the soil occurs as simple ions (Cu , Cu(Oh) 4 2-, Cu(Oh) 3 -, CuO 2 2-, hCuO 2 -and Cu(CO 3 ) 2 2-. In the soils with low ph, the high mobility of cationic copper forms is occurring, while with the ph increase the mobile anionic forms predominate. the main factors influencing the solubility, migration, and availability of copper in soils are as follows: ph, organic matter, clay minerals, hydroxides of Fe, Mn and Al as well as interactions with other elements [3] . It is plausible to state that copper shows little mobility in soils, thus it proves limited availability for plants. Only a small part of this element is present in soil in the easily soluble and exchangeable form. the copper has great affinity with organic matter and clay minerals, and precipitate, for example, in a form of sulphates, sulphides, and carbonates [3, 5, 7] . the plants may accumulate considerable amounts of copper despite its low mobility in soils.
the aim of the study has been to determine total copper content and its fractions (using the BCR method) in arable soils in the Podlasie Province. the influence of soil properties on the percentage share of Cu fractions as compared to the total content was also estimated.
MAtERIAL AnD MEthODS
the research material consisted of 107 soil samples from the Podlasie Province. It included the mineral soils used as arable land and organic soils used as grassland. the samples were collected from the arable layer (0-30 cm) after the plant harvest and for the grassland -after the first mowing. Basic physicochemical properties of soil samples were determined: granulometric compositionby means of the Cassagrande's method with Proszynski's modification, organic carbon content -byapplying tiurin's and ph in 1 mol• dm -3 KCl solution, by means of the potentiometric method. Available phosphorus and potassium -by means of the Egner-Riehm method as well as magnesium -by means of the Schachtschabel method in soils were also determined ( 1. acid soluble and exchangeable fraction (fraction I) -1g of soil in the 100cm 3 centrifuge tube containing 40 cm 3 of 0.11 mol·dm -3 acetic acid was sonicated for 7 minutes (output power -20W) at the temperature of 22±5 ºC. then the mixture was centrifuged at 3000g for 20 minutes. the extract was separated for the analysis purposes. the residue of 20 cm 3 of deionised water was sonicated for 5 minutes (output power -20W) and centrifuged at 3000g for 20 minutes. the water was discarded.
2. reducible fraction bound to Fe/Mn oxides (fraction II) -to the residue from the first step, 40 cm 3 of 0,5 mol·dm -3 hydroxylamine hydrochloride fresh solution of ph 1.5 was added and sonicated for 7 minutes (output power -20W) at the temperature of 22±5 ºC. then the mixture was centrifuged at 3000g for 20 minutes. the extract was separated for the analysis purposes. the residue was rinsed with deionised water, like in the first step.
3. oxidisable fraction bound to organic matter (fraction III) -to the residue from the second step, 20 cm 3 of 30% hydrogen peroxide was added and sonicated for 2 minutes (output power -20W) at the temperature of 22±5 ºC. then the volume of h 2 O 2 was reduced to approx. 1 cm 3 using water bath. to the moist residue, 50 cm 3 of 1 mol·dm -3 ammonium acetate was added and sonicated for 6 min. (otput power -20W) at the temperature of 22±5 ºC. then the mixture was centrifuged at 3000g for 20 minutes. the extract was separated for the analysis purposes. the residue was rinsed with deionised water, like in the previous steps.
4. residual fraction (fraction IV) -the residue from the third step was extracted using concentrated hnO 3 with addition of 30% h 2 O 2 . the extract was separated for the purpose analysis.
the content of the studied element in fractions was determined by means of the GFAAS technique using the Varian AA-100 apparatus. the percentage share of respective fractions in the total content of copper was calculated. the canonical factor analysis of obtained results for particular soil groups was conducted. the principal component analysis with varimax standardised rotation of factors was used. Variables characterised by the factor loading with modulus equal or greater than 0.65 were regarded as significantly influencing the particular factor.
RESULtS AnD DISCUSSIOn
Among very light and light soils, loamy sands dominated, while sandy loam -among medium soils. the content of soil fraction <0.02 mm in very light and light soils ranged from 4 to 19% (12% on average) and from 20 to 28% (22% on average) in medium soils (table 1) . the reaction of soils varied (from very acidic to alkaline soils). Medium soils had a slightly higher reaction. heavy soils were more acidic than lighter soils. the studied soils were characteristic for the Podlasie Region where light end acidic soils predominated. the content of organic carbon in both soil groups varied. In very light and light soils it amounted to 17 g kg -1 on average, in medium soils -24 g kg -1 and in heavy soils it was higher about 4 g kg -1 as compared to medium soils. the content of organic carbon in organic soils amounted to 276 g kg -1 on average and was considerably varied. the average content of total copper in mineral soils was increasing with the increase in the content of soil fraction <0.02 mm (table 2). In the organic soils the average content of Cu was higher approximately above 2mg than in mineral soils.
the percentage share of copper in respective fractions varied in all soil groups. the average percentage share of the fraction I was decreasing with the increase in the content of soil fraction <0.02 mm. the organic soils contained the least of Cu in the fraction under consideration. Comparing the percentage share of copper in respective fractions makes it plausible to state that in the fraction I, which is the most available for plants, it was the lowest but about 2% higher in very light and light soils than in medium soils. In the fraction II and III the percentage share of Cu was also higher in lighter soils, about 4% and 9%, respectively. the fraction II contained the most of copper as compared to the [2] . Even more strongly is this cation specifically in the case of adsorption ability on manganese oxides [4] . Agbenin and Felix-henningsen [1] , investigating the mobility and solubility of copper in the Savannah soil fertilised for 50 years with mineral fertilisers, have obtained different results. the copper bound to amorphous Fe/Mn oxides, Mn oxides and crystalline Fe oxides in the top layer of soil (0-20cm) has proven to comprise 40.4% of total content. While the least of copper has been found in the water soluble fraction -1.2%.
the percentage share of Cu in the fraction I and II in heavy soils was lower than in the case of lighter soils and in the fraction III -slightly higher as compared to medium soils. the residual fraction contained about 1/3 of total copper in the case of all the studied soils. In mineral soils the percentage share of the fraction IV was increasing with the increase in the soil fraction <0.02 mm. Shrivastava and Banerjee [9] have stated that the total pool of copper in arable soils is divided approximately in the ratio 1:1 between non-residual and residual fractions. According to these authors, the highest percentage of Cu (similarly as zinc) in non-residual fractions is related to its high mobility when introduced into the soil. Among non-residual fractions, the highest amounts of Cu they have found in the acid soluble fraction (17.2% of total content). It is a slightly higher content as compared to the soils in Podlasie.
the analysis which has been made for very light and light soils has allowed to determine the set of four factors which may account for about 72.26% of changes in soil environment (table 3) . According to the factor analysis, each subsequent factor explains lesser and lesser percentage share of changes in the studied system. the factor 1 has clarified about 21.16% of changes and has been mainly influenced by the percentage share of Cu in the fractions I and IV. Both of those variables have been positively correlated with the factor 1. the factor 2 has explained about 19.11% of changes in the studied soil environment and its structure has been significantly influenced by the content of available phosphorus and potassium (variables positively correlated with the factor 2). the factor 3 has explained about 19.3% of changes in the soil environment. Its structure has been significantly influenced in the highest degree by the content of available magnesium and soil fraction <0.02 mm. those variables have been positively correlated with the factor 3. the factor 4 has been mainly related to the changes of C org content and the percentage share of Cu in the fraction II. the first variable (C org ) has been positively correlated with the factor 4, while the second (percentage of Cu) -negatively. the analysis which has been carried out for medium soils has allowed to determine the set of four uncorrelated with each other factors which have explained about 70.09% of changes in the soil environment (table 4) . the factor 1 has explained about 23.55% of changes. Its structure has been influenced mainly by such variables as the content of C org , available magnesium and soil fraction <0.02mm. It should be pointed out that factor loadings may be interpreted in terms of the correlation coefficients between respective variables and the factor which explains the changes in the soil environment. According to this assumption, it is plausible to state that all the variables significantly influencing the structure of the factor 1 have been positively correlated with it. the factor 2 has clarified about 14.7% of changes and has been influenced significantly by the percentage share of Cu in the fraction III. this variable has been positively correlated with the factor 2. the factor 3 has explained about 17.1% of changes in the soil environment. Its structure has been mostly dependent on the content of available phosphorus and potassium (variables positively correlated with the factor 3). the factor 4 has been mostly connected to the changes of Cu percentage share in the fraction II (the variable positively correlated with the factor 4). the factor analysis for organic soils has allowed to determine a set of four factors which have explained about 79.44% changes in the soil environment (table 5) . the factor 1 has explained about 25.97% of changes and mainly consisted of the following variables: the content of organic carbon, available magnesium and potassium as well as the percentage share of Cu in the fraction bound to Fe/Mn oxides. the content of C org , K 2 O and Mg has been positively correlated with the factor 1, while the Cu percentage share in the fraction II -negatively. the factor 2 has explained about 18.07% of changes in the studied soil environment and its structure has been influenced significantly by the percentage share of Cu in the fraction III which has been positively correlated with the factor under consideration. the factor 3 has explained about 20.51% of changes in the soil environment. Its structure has been influenced in the highest degree by ph and content of P 2 O 5 . these variables have been positively correlated with the factor 3. the factor 4 has been mostly connected to the percentage share of Cu in the fraction IV and has explained about 14.89% of changes in soil. this factor has been positively correlated with the Cu content in the residual fraction. 2. the distribution of copper among fractions has been dependent from many factors which have been correlated with each other, such as the ph, content of soil fraction <0.02mm, content of available phosphorus, potassium and magnesium, and mainly the content of organic carbon.
3. the most of copper in available and potentially available fractions has been found in very light and light soils, while in the medium, heavy and organic soils, the residual fraction has contained the highest amounts of Cu.
